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Effectiveness of providing university students with a mindfulness-based intervention to increase resilience to stress: a pragmatic randomised controlled trial
Methods: intervention details
The Mindfulness Skills for Students (MSS) intervention consists of a secular, face-to-face, groupbased skills training programme based on the course book 'Mindfulness: A Practical Guide to Finding Peace in a Frantic World' (2) , and adapted for university students to facilitate the application of mindful awareness to study, positive decision-making and relationships.
MSS summarises the different types of meditation taught in the course book (2) , as three choices which can be made at any moment in a meditation (or beyond), depending on what we feel is needed at that moment for a kinder, wiser response to our experience (Supplemental Figure 1) . Within the three choices, MSS places greater emphasis on certain areas of mindfulness practice and approach than the 'Frantic World' course:
1. Noticing moments of meta-awareness when they arise, pausing there, and exploring/appreciating that very moment (Supplemental Figure 2) ; 2. From the outset, encouraging students to choose their next point of attention 'in the flow', organically (whether the breath, body, sounds, thoughts, feelings, or a broader whole-body sense of being -as it feels natural or possible at the time), rather than necessarily coming back to the breath or body;
3. Encouraging students to choose freely whether to continue attending in the present moment at all, and consciously allowing into their meditation other states of mind and body (such as plans, daydreams, sleepiness), to develop inner listening and presence (and avoid any implied value judgement of clear or focused states as preferable or 'better').
The primary component of MSS is thus compassionate self-knowledge and self-discovery, over time. It describes mindful attention as "being with" whatever enters our experience or awareness -with a growing ability to de-centre by acknowledging and "giving space" to whatever comes into the experience (Supplemental Figure 3) . The emphasis on choice also fosters a growing confidence in making trustworthy choices both in meditation and beyond, alongside a more fluid and kindly understanding of what or who constitutes "I", the person making those choices. This mitigates students' perfectionist tendencies to judge experience negatively, or blame themselves for "getting it wrong" when less attentive or uncomfortable states enter into meditation, study or life, and increases their ability to tolerate all experience with an increasing comfort zone around difficult experience (so it becomes, "more and more acceptable not to be okay").
While the course book is rooted in Mindfulness-based Cognitive Therapy (2), MSS adopts the flexibility often associated with Mindfulness-based Stress Reduction (e.g. moving the raisin exercise to week two) (3). It also draws upon two other mindful modalities, Nonviolent Communication (Supplemental Figure 4 ) (4), and Focusing (5). These help students to explore feelings safely (e.g. in weeks four and five), to foster a kind, empathic inner relationship, to understand how this positively affects outer relationships (e.g. week 6), and to explore needs both met and not met by actions such as autopilot (week 1) and procrastination (week 7). Further details are available in the study protocol (1), and on request.
Methods: multiple imputation procedure details
Multiple imputation was used to address missing data taking account of [a] variables to be included in the protocol-based primary outcome analysis, [b] variables related or potentially related to nonresponse (in the primary outcome), and [c] variables that explained a significant amount of outcome variance (1, 6) . The multiple imputation model was devised by a statistician (JS) who had no access to information on trial arm (i.e. no variable in the dataset enabled them to learn the outcome of randomisation).
Inclusion of variables in imputation model
The imputation model for the primary outcome took account of distress scores (CORE-OM) from other time points and routinely collected demographics (1).
Guidance on the inclusion of variables in the imputation model is available from existing literature (6) . As a general rule, using every bit of available information yields multiple imputations that have minimal bias and maximal certainty (7, 8) . This guidance implies that the number of predictors to be chosen should be as large as possible; indeed, including as many variables as predictors as possible (given collection and availability) makes missing-at-random more plausible. However, because data sets often contain several hundred variables it is clearly not feasible to include all these variables. A strategy for selecting subsets can be summarized as follows (6): 1. Include all variables that appear in the complete-data model, i.e., the model that will be applied to the data after imputation. Failure to do so may bias the complete data analysis, especially if the complete-data model contains strong predictive relations. This step is somewhat counter-intuitive, as it may seem that imputation would artificially strengthen the relations of the complete-data model, which is clearly undesirable. If done properly however, this is not the case. On the contrary, not including the complete-data model variables will tend to bias the results towards zero. Interactions of scientific interest should also be included into the imputation model. Accordingly, the following variables were included in the imputation model: Gender, Age, Trial Arm (outcome of randomisation), Cohort, and baseline CORE-OM scores.
2. Include variables that are related to the nonresponse. Factors that are known to have influenced the occurrence of missing data (stratification, reasons for nonresponse) are to be included on substantive grounds.
Given this rule the following variables were identified to be related to non-response in the primary outcome based on expert opinion: Ethnicity, Disability, Financial help, Socioeconomic status, Experience with meditation, College, School, Year of study programme, Type of consent, Degree, whether participant is in last year of study, Adverse event alarm at baseline and post intervention, Number of reminders sent at post intervention and examination period, Donation to charity at post intervention. Financial help and Socioeconomic status variables were only used as auxiliary variables in this study (informed us about missing values in other variables). They were not used or reported elsewhere in the study because there was information for less than 50% of the sample due to the way the University of Cambridge registry routinely collects these.
3. In addition, include variables that explain a large amount of variance. Such predictors help to reduce the uncertainty of the imputations. They are crudely identified by a correlation above 0.5 with the target variable (CORE-OM at examination period) (9).
Wellbeing scale scores (WEMWBS) at all time points correlate strongly (though negatively) with CORE-OM at examination period. Therefore we have included WEMWBS scores in the imputation model to contribute to reducing uncertainty in imputations.
The final model for imputation therefore consisted of the variables named above.
Specification of imputation algorithm
Multiple imputation was performed using the R package mice (6) which adopts a chained equation algorithm. For numeric variables, predictive mean matching (pmm) was used (10) . For categorical variables with two categories logistic regression (logreg) and for variables with more than two categories, a multinomial logit model (polyreg) was used. If categories were ordered, then an ordered logit model (polr) was used instead of multinomial logit.
Fifty imputations were performed using R 3.3.2 (11).
Methods: day-to-day coping data collection and analysis details
After completing the main examination period survey (which contained distress and wellbeing questionnaires), participants were invited to answer daily questions every morning for two consecutive weeks about how they had coped with academic matters the day before (the starting date would be depend on when the participant agreed to complete this part). They could choose to get a daily email with a link to an online questionnaire, or to use the Easy M Android-powered phone application (12) which would automatically trigger a phone notification and display the questions each day (http://nlathia.github.io/easym.html).
The problem-focused coping questions were 'Did you study as much as you had planned yesterday?' and 'Did you take as many breaks from study as you had planned yesterday?'. The response item scorings (mutually exclusive options) for both questions were 'Much less'=0, 'Less'=1, 'The same as planned'=2, 'More'=1, 'Much more'=0 (participants only saw the text, and not the scores). The rationale behind assigning the highest score to 'the same as planned' was that this is the best reflection of successfully coping by planning to solve a problem adequately, rather than making unfeasible/unbalanced plans (13).
The emotion-focused coping questions were 'How satisfied with yourself are you about the amount you studied yesterday?' and 'How satisfied with yourself are you about the breaks from study you took yesterday?' The response item scorings (mutually exclusive options) for both questions were 'Very satisfied'=4, 'Somewhat satisfied'=3, 'Neither satisfied nor dissatisfied'=2, 'Somewhat dissatisfied'=1, 'Very dissatisfied'=0 (participants only saw the text, and not the scores).
The total coping score was calculated by adding the response values of these four questions. Nonparametric item-response theory analysis with a dataset devoid of arm data was used to check whether these scoring approaches were psychometrically valid (14) .
Two further questions assessing motivational relevance ('How motivated did you feel by academic matters yesterday?' and 'How stressed did you feel by academic matters yesterday?'; mutually exclusive response item scorings for both questions ('Extremely'=4, 'Very'=3, 'Moderately'=2, 'Slightly'=1, 'Not at all'=0) were used to confirm that students cared about academic matters enough to be needing to elaborate coping strategies (13). This was done by adding up the scores of the first question with the inverse scores of the second question (participants only saw the text, and not the scores). It was confirmed that all students were on average more than moderately motivated and/or stressed (mean=4.3, standard deviation 0.94).
Methods: smartphone accelerometer (physical activity) data collection and analysis details
The Easy M Android-powered phone application (12) was configured to collect data for 15 days following explicit consent of study participants. In the background, this app passively collected smartphone built-in accelerometer data; the app was configured to sample this data every 15 minutes.
There are a number of factors that influence how much data we receive from each participant. These include: whether the participant left/logged out of or uninstalled the Easy M app, whether (and when) the participant has turned off his/her phone or it has turned off by running out of battery, and device-specific details that prevent data from being collected in the background. It is therefore common to have a variable amount of data per participant.
Each sample of raw data contained three time series: the acceleration that the device has sensed along the x, y, and z axes. To process this data into a score indicating how "active" the participant was, we first computed the magnitude vector. The magnitude of acceleration at a particular time t is defined as:
This vector indicates higher levels of activity if it has a high standard deviation (12) . Therefore, we extracted an activity score by computing the standard deviation of the magnitude vector. Then, we examined the derived values at an aggregate level by arm of the study, by looking at the mean across all participants, binned by the time of day.
Results: intervention receipt details
Out of the 309 participants randomised to be offered the MSS course, 182 participants (59%) attended four or more sessions, and 65 participants (21%) attended all course sessions. Randomised participants attended a median of five sessions (inter-quartile range 2-7) including 44 who attended no sessions at all.
Being disabled reduced the odds of completing at least four sessions of the mindfulness course, set as minimum dose (see Supplemental Table 2 ). Numbers of sessions attended (Supplemental Table 3 ) suggest that participants dropped out from the courses, rather than just skipping sessions.
Thirty-nine MSS participants provided reasons for abandoning their mindfulness course: schedule conflicts (n=16) and being too busy (n=12) were the most frequent reasons. A few (n=15) cancelled without attending any sessions. Three people cancelled their place without attending any sessions due to misunderstanding eligibility or dates. Three participants who started the course found that it was not what they had expected (one did not like group sessions, one thought the groups were too big, one felt mindfulness' "roots in Eastern religion are not fully appreciated"). Two participants had emotional life events after starting the course and momentarily preferred to avoid developing their awareness of thoughts and feelings. Two participants cited personal reasons; they did not attend any course sessions. One participant found mindfulness momentarily unhelpful (see section 'Adverse events').
Results: further analysis of the primary outcome
As a sensitivity analysis, we calculated the primary outcome model without imputing missing values (i.e., using only observed data) and obtained very similar results (AMD -0.24, 95%CI -0.33 to -0.15, p<0.0001). A comparison of imputed main outcome values with observed main outcome scores shows that imputed distress scores are on average higher than observed scores, indicating that those who did not answer the questionnaire would have probably scored higher (see Supplemental Figure 8 ). As a further sensitivity analysis we calculated two-sample t-tests comparing trial arms using imputed and observed datasets and obtained similar results (p<0.0001 in all cases).
For our per protocol analysis, we also computed the primary outcome model with multiple imputation but only keeping MSS participants who completed at least half of the course (minimum dose) and both excluding individuals in the control group who engaged in meditation elsewhere during the follow-up period preceding outcome measurement (AMD -0.33, 95%CI -0.44 to -0.22, p<0.0001), and including them (AMD -0.31, 95%CI -0.41 to -0.21, p<0.0001), again obtaining very similar results.
As a way of benchmarking our results against scores more specific to university students, we further dichotomised observed CORE-OM scores using the average total mean score of UK students who attend student counselling services, which corresponds to 1.85 points (Supplemental Figure 7b ) (15) . MSS participants were almost two thirds less likely to be above the average distress of students needing counselling than SAU participants (RR 0.37, 95%CI 0.19 to 0.73). However, because few students score above the clinical average, 13 students needed to be offered the MSS course to prevent one student from being distressed above the clinical average during the examination period (NNT=13, 95%CI 8 to 38).
We conducted several sub-group analyses. All were pre-specified except for a post hoc analysis investigating the effect of cohort. None of them includes imputed data as we have not included some of the interaction variables in the multiple imputation for the primary outcome.
The effect of the mindfulness intervention on participants (N=267) who had examinations, PhD oral defences or thesis submissions during the examination period was on average 0.19 CORE-OM score points greater than the effect on those with no known assessments during this period (regression coefficient for interaction term (RCIT)=0.19, 95%CI 0.01 to 0.37, p=0.043). In determining if students had been assessed, we deviated slightly from the protocol: instead of using the recorded degree subject, we used assessment dates, because it was not possible to find out all participants' assessment dates based on their degrees. When it was not immediately clear that an assessment had taken place within the aforementioned period, we considered the case as unknown.
The effect of the mindfulness intervention on men was on average 0.18 CORE-OM score points smaller than the effect on women (RCIT=-0.18, 95%CI -0.37 to 0.01, p=0.061). There was no evidence of influence of baseline CORE-OM (RCIT<0.01, 95%CI -0.18 to 0.17, p=0.96), being a last-year student (RCIT=0.09, 95%CI -0.10 to 0.18, p=0.36), having prior meditation experience (RCIT=0.09, 95%CI -0.21 to 0.40, p=0.55), or being in a particular study cohort (RCIT=0.03, 95%CI -0.15 to 0.21, p=0.76) on the effectiveness of the intervention.
Discussion: demographic data comparisons with wider student populations
Demographic data shows that undergraduates and postgraduates volunteered for this study in proportions that reflect the Cambridge student population (16), as does the proportion of international students. Participants represented all University colleges and schools. Exam grades in the control group (Supplemental Table 5 ) are slightly better than those of all Cambridge students (27% first class, 57% upper-second class, 12% lower-second class, 2% third class, 1% other results) (17).
The proportion of women who volunteered (63%) reflects the percentage of gender breakdown for users of the University of Cambridge Counselling Service (UCS) and is higher than that in the student population (46%). The proportion of Asian students who volunteered (20%) is similar to the Cambridge student population and higher than that of UCS users (8.5%), which might reflect a lower stigma attached to mindfulness than to psychotherapy for this user group, and possibly a higher familiarity with meditation practices. The proportion of participants with disabilities (12%) is slightly higher than that of the Cambridge student population (8%), but lower than that of UCS users (14%).
At baseline participants reported more psychological distress than the general UK student population (total mean score=0.76, SD=0.59) (18), but lower levels than across those who attend university counselling services in the UK (total mean score =1.85, SD=0.51) (15) . Our sample's mean score is just below the CORE-OM's recommended clinical cut-off score of 1 point, selected as a threshold to discriminate optimally between a clinical sample and a general population sample (19) . Participants also reported lower wellbeing scores than the general student population (20) .
These comparisons show that mindfulness training appealed to a wide range of University of Cambridge students who are slightly more stressed than their peers and perhaps at a higher risk of mental health problems, therefore more in need of help.
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